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ABSTRACT 

Background: Pediatrics hypertension is a major public health concern. The burden of hypertension among children 
has increased especially in high-income countries due to the surge in obesity prevalence. 

Objective: The current study aimed to evaluate the differences and similarities in the prevalence of hypertension and 
prehypertension among obese students living in Jeddah estimated by the updated Saudi guidelines and the guidelines 
of American Academy of Pediatrics for hypertension. 

Patients and Methods: This cross-sectional study included a total of 107 students having BMI >18.5 and 192 
students having BMI <18.5, served as a control, matched in age and gender. They were collected from national and 
international schools and from out-patient clinics of Hospitals of Ministry of Health . This study was done between 
October 2019 and March 2020. The participants were subjected to blood pressure measurements, classified based on 
updated Saudi & American guidelines of hypertension 2017. 

Results: Among overweight/obese students’ systolic hypertension was significantly higher and was 2.344 more 
likely to occur than among normal students (95% CI: 1.283 — 4.285. <0.001), the prevalence of systolic hypertension 
grade I was significantly higher by Saudi guidelines compared to that recorded by American among 
overweight/obese group (21.5% versus 12.1, P=0.004). The prevalence of elevated systolic blood pressure by 
American guidelines was significantly higher among overweight/obese group above 13 year when compared to its 
similar by Saudi guidelines (37.4% versus 25.2%, P=0.004). 

Conclusion: It could be concluded that overweight/obese students are at least two times more susceptible for 
hypertension than normal body weight students. A fixed threshold for hypertension of the updated American 
guidelines for teenager could be the cause of a down-estimation of prevalence of hypertension to prehypertension 
state. 
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INTRODUCTION 

Hypertension is a major public health 
problem. It is a leading cause of death globally, 
accounting for about 10.4 million deaths per year ®. In 
2010, an estimated 1.39 billion people had 
hypertension worldwide with adverse impact on 
cardiovascular and renal morbidity ©. The importance 
of hypertension among children has not been well 
appreciated as in adults although presence of 
hypertension in children usually leads to hypertension 
in adulthood. In the past, primary hypertension in 
children was considered a non-common disease. 
Currently, the incidence of hypertension in children 
has been increased and widely ranged from 0.3% up to 
21% among diversity of population ®. Different risk 
factors for pediatrics hypertension have been studied; 
genetic factors, ethnic groups, gender, body mass 
index, physical activity and stress, however, obesity is 
a main risk ©&®. Evidence showed strong relation of 
blood pressure (BP) to dyslipidemia, vascular 
dysfunction, increased left ventricular mass and type 2 
Diabetes in obese population ©. 
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The epidemiological changes of hypertension 
might be attributed to the growing rates of overweight 
and obesity among population “ ”. 

Childhood obesity is considered by World 
Health Organization (WHO) a public-health threats for 
children over the world. Particularly in Saudi Arabia, 
the prevalence of overweight and obesity is rising 
alarmingly among children and adolescents over the 
past decade. The overall prevalence of obesity rate has 
been doubled over a 10-year period from (~9.3%) as 
reported in 2004 by the WHO-based national 
prevalence rate to 18.2% at 2015 with significant 
predominance among adolescents (>11 years) ©®. 
Obese children often, become obese adolescents and 
eventually obese adults ®. 

Strong initiatives had been implemented for 
obesity prevention/intervention programs in Saudi 
Arabia for Saudi community. Thus, studying 
prehypertension and hypertension among obese 
children was challenging ®. 

Systemic hypertension, although easy to be 
clinically measured and assessed, is a silent disease, 


This article is an open access article distributed under the terms and conditions of the Creative 
Commons Attribution (CC BY-SA) license (http://creativecommons.org/licenses/by/4.0/) 





https://ejhm.journals.ekb.eg/ 


whose degenerative and cumulative effect is greater 
for younger individuals due to their longer exposure ®. 

Saudi Hypertension Management Society 
(SHMS) has taken up the leading role of spreading the 
knowledge and care for hypertension. Formulation of 
the national guidelines of hypertension was an 
important step and updating the Saudi Guidelines (S- 
GL) was innovative, especially after the release of 
unique version 2018, classifying hypertension in 
children “°, Currently, many international guidelines 
for pediatrics hypertension are available but the 
Guidline of American Academy of pediatrics 
(AAP-GL) had been updated lately at 2017 “. 

The current study was aimed to study the 
prevalence of hypertension and _ prehypertension 
conditions among obese children living in Saudi 
Arabia by the new Saudi and American guidelines 
(versions 2017) in order to evaluate the impact of the 
differences between both guidelines on the disease 
prevalence. 


PATIENTS AND METHODS 

This cross-sectional study included a total of 107 
students having BMI >18.5 and 192 students having 
BMI <18.5, served as a control, matched in age and 
gender. They were collected from national and 
international schools and from out-patient clinics of 
Hospitals of Ministry of Health (MOH), who were 
suffering from mild acute illness as common cold, 
tonsillitis or acute diarrhea diseases. This study was 
started at October 2019 and ended by March 2020 
because of Covid-19 pandemics. 


Ethical Consideration: 
This study was ethically approved by Ethical and 
Research Committee, Batterjee Medical college at 
Jeddah, Saudi Arabia No (RES-2019-0005) and 
ethical approval of Faculty of Medicine, Alexandria 
University, Egypt (serial number: 0304273). 

An informed consent was received from all 
caregivers. School advocatory helped our team for 
approaching the students with signed consent. 


Sample size: 

Based on the criteria of the current study, the 
sample size was estimated based on the following 
assumptions: alpha error= 5% and study power = 80%. 
According to Mazor-Aronovitch et al. 17.2% (25/145) 
of children with body mass index (BMI) above 
the 85th percentile had hypertension compared to 1.9% 
(2/105) of children with normal weight (BMI less than 
85th percentile) “'”. 

Sample size was calculated to be 57 per 


group 1), 
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Inclusion criteria: 

The included students were healthy, from both 
genders, Saudi and non-Saudi, living at Jeddah, KSA 
and aged between 5 years to 18 years. The students 
were collected from national, international schools and 
outpatient clinics of MOH hospitals. The recruited 
cases (n=107) had BMI >18.5 (or > 85th percentiles 
for age). Meanwhile, the students served as a control 
group (n=192) had BMI <18.5 (or < 85th and >Sth 
percentiles for age). 


Exclusion criteria: 

Students with chronic diseases, syndromes, 
underweight and those on chronic medications that 
might affect blood pressure as corticosteroids were 
excluded from the study. 


Demographic data of the children were checked 
(age, gender, nationality). Systemic examination was 
done for all participants with recording anthropometric 
parameters and blood pressure measurements. 


Anthropometric measurements: 

All students were examined for recording 
weight, height, and BMI. Height was measured to the 
nearest centimeter with a portable stadiometer. Weight 
was measured to the nearest kilogram using electronic 
digital scales. Body mass index (BMI) values were 
calculated using measured height and weight values 
[weight (kilograms)/height (meter). Anthropometric 
Z-scores were calculated relative to age- and gender. 
The WHO percentile body mass index "BMI"/age for 
males and females charts was used to determine the 
body status as follows “®; 

Normal weight: 5th - <85th percentile, matches in 
adult BMI >18.5. 

Overweight: 85th -<95th percentile, Z score above +1 
and below +2 SDS, matched in adult BMI >25 and < 
30. 

Obese: > 95th percentile, Z score above >+2 SDS, 
matches in adult BMI >30. 


Measurement of the blood pressure: 

Blood pressure was measured three times using a 
proper pediatric cuff size at rest and in relaxed time in 
the day (noon). Electronic devices using oscillometer 
techniques (Omron M3W; HEM-7202-E, OMRON 
Healthcare Co., Ltd, Kyoto, Japan) were used in the 
study. 

The average records were estimated. 
Corresponding blood pressure percentiles were 
determined based on students’ height, age and gender 
for all students according to international standards “'. 
The current Saudi National Standard Nomogram were 
not used as they are recommended for updating to 
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consider possible differences for some geographic 
areas of the country “©. 


Interpretations of blood pressure systolic or 
diastolic records for children (5y-18): 
According to Saudi Guidelines 2018 “® 


Normal BP: <90" percentiles for age, gender and > 


height. 


Prehypertension (Pre-HTN) BP: >90" percentiles and 
<95" percentiles, or >120/80 

Hypertension (HTN) Grade I: from 95" percentiles till 
(99™ percentiles + 5mmHg). 

HTN Grade II: >99" percentiles + 5mmHg. 


According to AAP-GL of hypertension 2017, 
Table.1;¢” 


Table 1. Updated definitions of blood pressure categories according to guidelines of American Academy of 


Pediatrics 





For Children Aged 1—15 y 


Normal BP: <90th percentile 


(whichever is lower) 





Statistical analysis of the data: 

Data were fed to the computer and analyzed 
using IBM SPSS software package version 20.0. Data 
were fed to the computer and analyzed using IBM 
SPSS software package version 20.0. (Armonk, NY: 
IBM Corp). The Kolmogorov- Smirnov, Shapiro and 
D’agstino tests were used to verify the normality of 
distribution of variables, Comparisons between groups 
for categorical variables were assessed using Chi- 
square test. Student t-test and ANOVA test were 
used to compare normally distributed quantitative 
variables. Mann Whitney test was used to compare 
between two groups for abnormally distributed 
quantitative variables. Significance of the obtained 
results was judged at the 5% level. 


RESULTS 
Students characteristics: 

This is a cross- sectional study conducted over 
299 students living in Jeddah Saudi Arabia, included 
51.8% male and 48.2% female, aged between 5 y and 
17 y with mean age of 11.5+2.7y. About 69.2% of the 
children were Saudi students while 30.8% were of 
mixed nationality. According to BMI, the study group 
included 107 (35.8%) overweight/obese students 
which were matched in age and gender with the other 
192 normal weight students (64.2%) who had been 
considered as controls. Students with high BMI were 
distributed as following; Overweight 61.7% and obese 
37.3% (class I; 29.9%, class II: 8.4%). 

Table 2 shows the patients characteristics of 
the three subgroups normal (64.2%), overweight 
(20%) and obese group (13.7%). The females were 
significantly predominating in overweight group 





Elevated BP: >90th percentile to <95th percentile or 120/80 
mm Hg to <95th percentile (whichever is lower) 

Stage 1 HTN: >95th percentile to <95th percentile + 12 mmHg, 
or 150/80 to 159/89 mm Hg (whichever is lower) 

Stage 2 HTN: >95th percentile + 12 mmHg, or >140/90 mm Hg 
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For Children Aged >15 y 


Normal BP: <120/<80 mm Hg 
Elevated BP: 120/<80 to 129/<80 mm Hg 


Stage 1 HTN: 150/80 to 159/89 mm Hg 


Stage 2 HTN: >140/90 mm Hg 


compared to obese group (53% versus 24.4%, 
p1=0.004). The prevalence of males was significantly 
higher in obese group compared to normal students. 
The percent of overweight and obese children were 
significantly higher among adolescents (above 13 
year) when compared to controls of similar age group 
(56.1% & 75.6%, respectively versus 38.5%, 
P1:0.00.5, P2:<0.001). The mean of weight, height and 
BMI were significantly higher for obese groups when 
compared to overweight or controls as shown in Table 
2. 


Characteristics of pre-hypertension & 
hypertension among study group by S-GL & 
AAP-GL 

The overall characteristics of blood pressure 
records, percentiles, and prevalence of hypertension of 
the normal weight, overweight and obese subgroups 
according to S-GL and AAP-GL were summarized in 
Table 3. The prevalence of systolic prehypertension 
among the sample of the study was 17.7% while 
systolic HTN-I was 16.1% and HTN-II was 3.7%. The 
prevalence of diastolic pre-HTN was 20.4%, diastolic 
HTN-I was 15.4% and diastolic HTN-II was less 3.7 
%. The mean of systolic BP records was higher for 
obese students with significant difference compared to 
overweight or controls, respectively (123.6+8.6 versus 
116.2+8.8 or 111.9+7.7, <0.001). Whereas the mean of 
diastolic BP did not differ significantly between three 
subgroups. According to Saudi guidelines, the percent 
of systolic prehypertension and or systolic 
hypertensive students grade I were significantly higher 
among obese group when compared to overweight and 
or the controls, respectively (36.6% & 31.7% versus 
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18.2% &15.2% and 13% &13.5%, p1=0.004 & 
P3<0.001). Similarly, the percent of elevated systolic 
BP and systolic hypertension stage I findings by 
(AAP-GL) were significantly higher in obese groups 
when compared to other groups (48.8% & 22% versus 
30.3% & 6.1% and 17.2% &11.5%, p1=0.003 & 
P3<0.001). The percent of diastolic hypertension 
students did not differ significantly between the three 
subgroups whether by SGL or AAP. 

Table 4 compared the prevalence of 
hypertension by both guidelines between high BMI 
students (overweight/obese: n=107) and normal BMI 
students (controls: n=192). Through S-GL, the 
prevalence of systolic pre-HTN among 
overweight/obese was higher with significant 
difference when compared to controls (25% versus 
13%, P;<0.001). At Confidence of 95%, systolic Pre- 
HTN can occur 2.69 times more likely among high 
BMI students (1.44 — 5.04) rather than normal BMI. 
Additionally, systolic HTN was significantly higher 
among high BMI group, and was 2.344 times more 
likely to occur among cases (1.283 — 4.285. <0.001) 
when compared to controls as shown in Table 4. 

On the other side, the combined prevalence of 
Pre-HTN and HTN among all participants was (56.6%; 
29.5% for pre-HTN & 27.4% for HTN). Meanwhile, 
The combined prevalence of Pre-HTN and HTN 
among overweight/obese subgroup was 70 % ; 39.2% 
& 30.8%, respectively) by S-GL. 

In addition, the relation between both 
guidelines was studied. The prevalence of elevated 
systolic BP by AAP-GL was less than the prevalence 
of systolic pre-hypertension by S-GL by (11%) . The 
K-statistic was good (0.72) with overall agreement of 
both guidelines was 88.9%. Meanwhile, systolic 
hypertension grade I prevalence by S-GL was 
significantly higher compared to the recorded 
prevalence of systolic hypertension stage I by AAP- 
GL (< 0.001) as summarized in Table 5-A. The 
prevalence of stage 1 diastolic hypertension by 
American Academy of Pediatrics (AAP-GL) was 
slightly less than S-GL. The «-statistic was good (0.66) 
with overall agreement of 85.5%. The prevalence of 
diastolic norm tension students by APP-GL was in 
100% agreement to Saudi guidelines with good x- 
statistic 0.662. However, Prevalence of diastolic 
prehypertension students by S-GL was significantly 
higher than AAP-GL as shown in Table 5-B. 
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The prevalence of systolic hypertension grade I 
was significantly higher by Saudi Guidelines 
compared to American (21.5% versus 12.1, P=0.004). 
Meanwhile, the prevalence of systolic elevated blood 
pressure by American guidelines was significantly 
higher compared to prevalence of systolic 
prehypertension by Saudi (37.4% versus 25.2%, 
P=0.004) as summarized in Table 6. 


Characteristics of pre-hypertensive and 
hypertensive students among overweight/obese. 

Some risk factors of hypertension among 
overweight/ obese children were studied to evaluate its 
effect on hypertension classification by both 
guidelines as age, gender, and nationality. 

High BMI students were classified into three 
age groups as shown in Tables 2 & 7. Although the 
highest percent of systolic pre-HTN was found among 
adolescent (>13y), it showed no significant difference 
when compared to other age groups. Similarly, the 
highest percent of systolic HTN- grade I was found 
among young students (Sy-8y) but with insignificant 
difference to other age groups. However, the 
prevalence diastolic HTN-I by S-GL and AAP-GL was 
significantly higher among students between 9y and 
12y when compared to adolescents or young students 
(18.2% versusl1.8% & 0%, P: 0.010) and (39.3% 
versus 11.8%, 0%, P:<0.001) respectively, as 
summarized in Table 7. Concerning obese students 
older than 13 years, the prevalence of systolic elevated 
BP by AAP-GL was higher with significant difference 
than the Pre-HTN by S-GL. On other side, systolic 
HTN- grade I was higher by S-GL with significant 
difference when compared to its similar by AAP-GL 
as summarized by Table 8. There was no significant 
difference between the prevalence of pre-HTN and or 
HTN among the males and females of this group (21% 
& 32.2% versus 22.2% & 36.7%, respectively M“p= 
0.195). 

As regard the nationality, prevalence of 
systolic pre-HTN and HTN among Saudi students 
were higher when compared to non-Saudi students 
with no statistically significant difference (26.3% and 
28.2% versus 22.2 & 18.8%) as shown in Table 9. 
Similar results were found regarding the diastolic 
pressure records. 
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Table 2. Demographic characteristics and anthropometric measurements of the studied subgroups 
























































Total Overweight Obese Normal st of sig p 
(n = 299) (n = 66) (n = 41) (n = 192) ` 
Gender 
Male 155 (51.8%) 31 (47%) 31 (75.6%) 93 (48.4%) mE 
Female 144 (48.2%) 35 (53%) 10 (24.4%) 99 (51.6%) 10.796* 0.005 
*Sig. bet. grps. pi=0.004", p2,=0.837p3=0.002° 
Age (years) 
5-8 49 (16.4%) 4 (6.1%) 2 (4.9%) 43 (22.4%) E 
9-12 108 (36.1%) 25 (37.9%) 8 (19.5%) 75 (39.1%) pease <0.001" 
>13 142 (47.5%) 37 (56.1%) 31 (75.6%) 74 (38.5%) i 
Sig. bet. grps. pı=0.111, p2=0.005", p3<0.001* 
Mean + SD. 11.5 2.7 12.4 + 2.4 13.64 2.5 10.8 + 2.6 F= <0.001* 
Median (Min. — Max.) 12(5- 17) 13 (5-17) 14(7 — 17) 11(5 —- 16) 24.130" ` 
Sig. bet. grps. pı=0.047*, p2<0.001*,p3<0.001* 
Nationality 
Non-Saudi 92 (30.8%) 15 (22.7%) 12 (29.3%) 65 (33.9%) y= 0.234 
Saudi 207 (69.2%) 51 (77.3%) 29 (70.7%) 127 (66.1%) 2.905 i 
Sig. bet. grps. p1=0.449, p2=0.092, p3=0.571 
Weight (kg) 
Mean + SD. 48.9 + 19.5 57.6 + 13.6 80.9 + 17.9 39.1 + 10.9 = <0.001* 
Median (Min. — Max.) 46(18 — 125) 59.5(23 — 85) 81(30 — 125) 38.9(18 — 70) 204.550" i 
Sig. bet. grps. p1<0.001*, p2<0.001*, p3<0.001* 
Height (cm) 
Mean + SD. 143.5 + 18.2 146.4 + 18.5 157.4 + 16.2 139.6 + 16.9 F= <0.001° 
Median (Min. — Max.) .47(90— 180)  .50(90-175) 60100-180) .41(93-—175) 19.375" ` 
Sig. bet. grps. pi=0.004", p2=0.016", p3<0.001° 
BMI (kg/m?) 
Mean + SD. 23.145 26.6 + 1.2 32.4 + 3.5 20 + 1.8 H= <0.001" 
an (Min. — Max.) .4(12.6 — 43.8) .4(25.2— 29.7) 1.8(25.7 — 43.8) 9.5(12.6—24) 214.010" i 
Sig. bet. grps. p1=0.004", p2<0.001*, p3<0.001* 


x: Chi square test 


F: F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey) 
H: H for Kruskal Wallis test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Dunn's for 


multiple comparisons test) 


p: p value for comparing between the studied groups 

pı: p value for comparing between overweight and obese 

pz: p value for comparing between overweight and non-obese 
ps: p value for comparing between obese and non-obese. 


*: Statistically significant at p < 0.05 
*Sig. bet. grps: significance between groups 
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Table 3. Characteristics of blood pressure measurements of the normal, overweight, and obese students 


according to Saudi & American Guidelines 





















































Total Overweight Obese Normal st of si 
(n = 299) (n = 66) (n = 41) (n = 192) eee we 

Systolic BP 
Mean + SD. 1144+9 116.2 + 8.8 123.6 + 8.6 111.9+7.7 F= 0.001" 
Median (Min. — Max.) 15(95—144)  .17(97—144)  25(100—137) .11(95-—134) 7.434" ` 

Sig. bet. grps. pı<0.001*, p2=0.001", p3<0.001° 
Systolic percentile 
Mean + SD. 78.14 17.4 79.5 + 16.7 85 + 16.9 76.2 + 17.4 = ).010° 
Median (Min. — Max.) 83(22 — 100) 84(31 — 100) 91(39 — 100) 79(22 — 100) 1.664" ` 

Sig. bet. grps. p1=0.247, p2=0.371, p3=0.009" 
Saudi GL for systolic 
BP 
Normal 187 (62.5%) 41 (62.1%) 11 (26.8%) 135 (70.3%) 
Prehypertension 53 (17.7%) 12 (18.2%) 15 36.6%) 26 (13.5%) x= 0.001" 
Hypertension class I 48 (16.1%) 10 (15.2%) 13 (31.7%) 25 (13%) 8.194” i 
Hypertension class II 11 (3.7%) 3 (4.5%) 2 (4.9%) 6 (3.1%) 

Sig. bet. grps. p1=0.004", p2=0.648, p3<0.001* 
AAP GL for systolic BP 
Normal 181 (60.5%) 39 (59.1%) 10 (24.4%) 132 (68.8%) 
Elevated 73 (24.4%) 20 (30.3%) 20 (48.8%) 33 (17.2%) yom 0.001" 
Hypertension class I 35 (11.7%) 4 (6.1%) 9 (22%) 22 (11.5%) 3.039" : 
Hypertension class II 10 (3.3%) 3 (4.5%) 2 (4.9%) 5 (2.6%) 

Sig. bet. grps. p1=0.003*, p2=0.078,p3<0.001* 
Diastolic BP 
Mean + SD. 73.2+8.1 72.8+7.2 73.1 + 10.1 73.48 = 0.887 
Median (Min. — Max.)  74(54 — 96) 74.5(55 — 85) 71(54 — 93) 74(54 — 96) 0.120 ; 
Diastolic percentile 
Mean + SD. 80.1 + 17.7 778+ 18 73.7 + 23.5 82.2 + 15.8 = 0.126 
Median (Min. — Max.) 85(18 — 100) 34.5(26 — 99) 82(18 — 100) 86(28 — 100) 4.137 ` 
Saudi GL for diastolic 
BP 
Normal 181 (60.5%) 40 (60.6%) 26 (63.4%) 115 (59.9%) 
Prehypertension 61 (20.4%) 19 (28.8%) 6 (14.6%) 36 (18.8%) x= 0.265 
Hypertension class I 46 (15.4%) 7 (10.6%) 7 (17.1%) 32 (16.7%) 7.650 £ 
Hypertension class II 11 (3.7%) 0 (0%) 2 (4.9%) 9 (4.7%) 

Sig. bet. grps. pi=0.090, p2=0.085, p3=0.942 
AAP GL for diastolic 
BP 
Normal 199 (66.6%) 47 (71.2%) 27 (65.9%) 125 (65.1%) 
Elevated 27 (9%) 6 (9.1%) 2 (4.9%) 19 (9.9%) y= 0.307 
Hypertension class I 61 (20.4%) 13 (19.7%) 8 (19.5%) 40 (20.8%) 6.899 ` 
Hypertension class II 12 (4%) 0 (0%) 4 (9.8%) 8 (4.2%) 


Sig. bet. grps. 
y°: Chi square test 


pi=0.077, p2=0.0378, p3=0.388 


F: F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey) 
H: H for Kruskal Wallis test, pairwise comparison bet. each 2 groups were done using Post Hoc Test (Dunn's for 


multiple comparisons test) 


p: p value for comparing between the studied groups 

pı: p value for comparing between overweight and obese 

pz: p value for comparing between overweight and non-obese 
p3: p value for comparing between obese and non-obese 


Sig. bet. grps: significance between groups 
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Table 4. Comparison between the distribution of prehypertension and hypertension between the normal BMI 
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students and High BMI students (overweight/ obese) according to Saudi & American Guidelines 





eee E ner xr p OR (95% C.I) 
Saudi GL for systolic 
Normal® 52 (48.6%) 135 (70.3%) — — 1.000 
Prehypertension 27 (25.2%) 26 (13.5%) 9.721 0.001" 2.69(1.44 — 5.04) 
Hypertension 28 (26.2%) 31 (16.5) 5.579" 0.001”  344(1.283 — 4.285) 
American GL for systolic 
Normal® 49 (45.8%) 132 (68.8%) — — 1.000 
Elevated 40 (37.4%) 33 (17.2%) 7.625 0.001” 265(1.854 — 5.748) 
Hypertension 18 (16.8%) 27 (14%) i070* 1.024" 795(0.909 — 3.547) 
Saudi GL for diastolic 
Normal® 66 (61.7%) 115 (59.9%) — — 1.000 
Prehypertension 25 (23.4%) 36 (18.8%) ).811 ).368 .210(0.668 — 2.19) 
Hypertension 16 (15%) 41 (21.4%) 2.530 ).112 680(0.354 — 1.305) 
American GL for diastolic 
Normal® 74 (69.2%) 125 (65.1%) — — 1.000 
Elevated 8 (7.5%) 19 (9.9%) ).764  ).382 711(0.296 — 1.705) 
Hyperetention 25 (23.4%) 48 (25%) ).426 ).514 879(0.510 — 1.544) 


y°: Chi square test, p: p value for comparing between the studied groups. 


Table 5 (A & B). Relation between Saudi GL and AAP-GL in classification of systolic & diastolic 
hypertension among high BMI students (overweight/obese) group (n = 107) 
































Saudi GL 
. Systolic BP Normal Pre , ertension classypertension o MC p 
(n = 52) ypertension I class IT 
(n = 27) (n = 23) (n = 5) 
American GL 
Normal 3 (92.3%)  1(3.7%) 0(0%) 0(0%) 
Elevated 4 (7.7%) 24(88.9%) 12(52.2%) 0(0%) 38.944" -0.001" 
Hypertension class I 0 (0%) 2(7.4%) 11(47.8%) 0(0%) i 
Hypertension class II 0 (0%) 0(0%) 0(0%) 5(100%) 
K (Level of agreement) 0.729 (<0.001°) Good agreement 
Saudi GL 
Diastolic BP Nörinal Pre , ypertension ypertension 7 MCp 
m= 66) 7pertension class I class IT 
(n = 25) (n = 14) (n = 2) 
American GL 
Normal 6 (100%) 8 (32%) 0 (0%) 0 (0%) 
Elevated 0 (0%) 8 (32%) 0 (0%) 0 (0%) 10.906" <0.001° 
Hypertension class I 0 (0%) 9 (36%) 12 (85.7%) 0 (0%) ` i 
Hypertension class II 0 (0%) 0 (0%) 2 (14.3%) 2 (100%) 


**k (Level of 
agreement) 
x: Chi square test 


0.665 (<0.001°) Good agreement 


MC: Monte Carlo test 


p: p value for comparing between the studied groups, *: Statistically significant at p < 0.05 


** Value of K 


trength of agreement 





< 0.20 Poor 
0.21 — 0.40 Fair 
0.41 — 0.60 Moderate 
0.61 — 0.80 Good 
.— 1.00 Very good 
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Table 6. Comparison between the distribution of prehypertension and hypertension by Saudi GL and by AAP- 
GL among the overweight/obese students (n=107) 





Blood pressure Saudi GL American GL X MHD 
Normal 52 (48.6%. 49 (45.8%) 
. Prehypertension /Elevated 27 (25.2%. 40 (37.4%) a x 
Systolic Hypertension class I 23 (21.5% 13 (12.1%) ZERRE LNs 
Hypertension class II 5 (4.7%) 5 (4.7%) 
Normal 66 (61.7% 74 (69.2%) 
F . Prehypertension 25 (23.4%. 8 (7.5%) y x 
.814* <0.001 
Diastolic Hypertension class I 14 (13.1% 21 (19.6%) ee om 
Hypertension class II 2 (1.9%) 4 (3.7%) 


MH: Marginal Homogeneity test 


p: p value for comparing between Saudi and American , *: Statistically significant at p < 0.05 


Table 7. Relation and distribution of prehypertension and hypertension according to the age group among 


overweight/obese students (n=107) 





Age 2 

5-8(n=6)  9-12m=33)  3m=68) * P 
Saudi GL for systolic BP 
Normal 4 (66.7%) 17 (51.5%) 1 (45.6%) 
Prehypertension 0 (0%) 8 (24.2%) ) (27.9%) 5.273 0.486 
Hypertension class I 2 (33.3%) 5 (15.2%) 5 (23.5%) i i 
Hypertension class II 0 (0%) 3 (9.1%) 2 (2.9%) 
AAP GL for systolic BP 
Normal 4 (66.7%) 15 (45.5%) ) (44.1%) 
Elevated 1 (16.7%) 12 36.4%) 7 (39.7%) 3.923 0.678 
Hypertension class I 1 (16.7%) 3 (9.1%) (13.2%) i Å 
Hypertension class II 0 (0%) 3 (9.1%) 2 (2.9%) 
Saudi GL diastolic BP 
Normal 3 (50%) 14 (42.4%) ) (72.1%) 
Prehypertension 2 (33.3%) 12 (36.4%) 1 (16.2%) 4676" ).010° 
Hypertension class I 0 (0%) 6 (18.2%) (11.8%) ` : 
Hypertension class II 1 (16.7%) 1 (3%) 0 (0%) 
AAP GL for diastolic BP 
Normal 3 (50%) 14 (42.4%) 7 (83.8%) 
Elevated 2 (33.3%) 5 (15.2%) 1 (1.5%) x * 
Hypertension class I 0 (0%) 13 (39.4%) (11.8%) T481 oo 
Hypertension class II 1 (16.7%) 1 (3%) 2 (2.9%) 


x: Chi square test ,p: p value for association between different categories *: Statistically significant at p < 0.05. 


Table 8. Comparison of the distribution of prehypertension and hypertension among overweight/obese 
students age >13 (n = 68) by Saudi-GL versus AAP-GL 
Saudi GL 
31 (45.6%) 
19 (27.9%) 
16 (23.5%) 
2 (2.9%) 
49 (72.1%) 
11 (16.2%) 
8 (11.8%) 
0 (0%) 


Blood pressure 
Normal 
Prehypertension /Elevated 


Systolic Hypertension class I 
Hypertension class II 
Normal 

Diastolic Prehypertension 


Hypertension class I 
Hypertension class II 
MH: Marginal Homogeneity test 


p: p value for comparing between Saudi and American 


*: Statistically significant at p < 0.05, *: Statistically significant at p < 0.05 
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American GL 


30 (44.1%) 
27 (39.7%) 
9 (13.2%) 
2 (2.9%) 
57 (83.8%) 
1 (1.5%) 
8 (11.8%) 
2 (2.9%) 
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Table 9. The relation and distribution of prehypertension and hypertension between Saudi and non-Saudi 
students among overweight/obese students by SGL and AAP -GL 





Nationality 
Non-Saudi Saudi x 

(n = 27) (n = 80) 
Saudi GL for systolic 
Normal® 16 (59.3%) 36 (45%) 
Prehypertension 6 (22.2%) 21 (26.3%) 1.782 0.410 
Hypertension 5 (18.5%) 23 (28.8%) 
American GL for systolic 
Normal 15 (55.6%) 34 (42.5%) 
Elevated 8 (29.6%) 32 (40%) 1.419 0.492 
Hypertension 4 (14.8%) 14 (17.5%) 
Saudi GL for diastolic 
Normal 18 (66.7%) 48 (60%) 
Prehypertension 6 (22.2%) 19 (23.8%) 0.522 0.770 
Hypertension 3 (11.1%) 13 (16.3%) 
American GL for diastolic 
Normal 20 (74.1%) 54 (67.5%) 
Elevated 2 (7.4%) 6 (7.5%) 0.489 0.783 
Hypertension 5 (18.5%) 20 (25%) 


x: Chi square test 
p: p value for association between different categories 


DISCUSSION 

Pediatric hypertension and obesity have both 
been on the rise worldwide. Each is associated with 
increased risk of cardiovascular morbidity and 
mortality. Obesity and hypertension are worrisome 
health hazards in Kingdome of Saudi Arabia (KSA) 
based on their substantial prevalence among Saudi 
children “ '?. Unfortunately, the knowledge about 
pediatric hypertension among physicians is still 
insufficient. The main obstacles include not only the 
limited knowledge, but also the difficulty of 
performing multiple BP measurements over the 
different age in years, which are essential for proper 
diagnosis ‘'®), Many guidelines were emerged for early 
diagnosis and management of hypertension in 
children, Saudi Guidelines for hypertension has been 
updated lately in 2018 “®. The current study was 
conducted not only to address the interchangeable 
relation between obesity and hypertension in children 
but also it was aimed to reveal the diagnostic 
implications of altering normative based thresholds in 
diagnosis and classification of normal or high blood 
pressure using fourth version of S-GL (national) 
versus updated version of AAP-GL (international) 
among overweight/obese students. We needed to 
understand if international students living in Jeddah 
might be recommended to follow either national or 
international guidelines “. 
The current study included 299 students, 5 year to 17- 
year-old, of mixed nationalities (Saudi and non-Saudi) 
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*: Statistically significant at p < 0.05 


with different body mass index. The prevalence rate 
of high BMI in our study was (33.7%); overweight 
(20%) and obese students (13.7%) versus 66.3% 
normal BMI students. This was matched with the 
prevalence of overweight and obesity found by 
previous Saudi study (23.1% and 9.3%, respectively) 
(1) The percent of high BMI students were 
significantly higher among adolescents (above 13 
year) similar to other Saudi studies ©”. Female 
students were the predominate in overweight group 
while male students were the majority among the 
obese. This was supported by many studies.°!?”, 

Although all participants were asymptomatic, 
the prevalence of hypertension in the current study was 
(27.4%), near to international studies carried over 
school-aged children at USA (19.4%) and Italy, 22.2% 
(3, 24) This declared the global trend of increasing 
prevalence of childhood hypertension during the past 
decades. 

In contrast, the current prevalence rate of 
hypertension and Pre-HTN (29.5%) were higher than 
reported by an Egyptian study Abu El-Foutoh et al. in 
which P-HTN: 5.7% and HTN: 4.0%, at 2011 as the 
obesity prevalence was 10.3% °® . Whereas another 
Egyptian study at 2016 had reported significant rise in 
the prevalence of hypertension to 15.4% when the 
obesity prevalence was 20% °°. In addition to a 
metanalysis study in Africa reported also revealed less 
figures 5.5%, 12.7% over different ethnic group °”. 
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On the other side, the prevalence of HTN and Pre- 
HTN in our study were less than El Qahtani Study in 
2015 at eastern province of Saudi Arabia (46%, 55%, 
respectively). Our study reported lower prevalence of 
systolic hypertension than reported by El Qahtani 
Study (19.9% versus 29%) and lower prevalence of 
diastolic hypertension (19.1% versus 33%). This may 
be attributed to different age group as El Qahtani study 
was conducted over students between 13-18 years old 
(6) Tn addition to different method of BP analysis; 
based on Saudi guidelines for the adult classification 
of hypertension and old nomograms. Indeed, the 
discrepancies in the prevalence rates of high BP can 
could be attributed to many risk factors BMI, genetic 
factors, gender, physical activates, smoking, regional 
variations and or differences in the used protocol in 
diagnosis and classification of hypertension. 

The impact of high BMI over blood pressure 
was studied in the current study. The prevalence of 
prehypertension and hypertension among high BMI 
students (overweight/obese) students was 70%; 39.2% 
& 30.8%, respectively by S-GL. Similar to a Brazilians 
study over overweight children (70.5 %). However, 
our study revealed different distribution of systolic 
hypertension (31.2%), diastolic hypertension (18%) 
and both (19.6%), respectively when compared to 
Brazilian study (6%, 33% and 31.5%, respectively) °*, 
An Indian study was conducted over high BMI 
children between 5y and 10 year had reported lower 
prevalence of pre-HTN: (18.7%) but it matched our 
prevalence of hypertension (30.7 %) ©. The 
prevalence of hypertension is consistent with national 
publications, Saudi-GL (11%-33%) among obese 
group and 4%-14 among overweight “. Our study 
reported increased risk for Pre-HTN& HTN two to 
three times among high BMI children which is in 
agreement with Caribbean study at 2012 showed the 
odds for hypertension were 2.1 (95% CI 1.4-3.0) for 
overweight children and 7.2 (95% CI: 5.0-10.3) for 
obese children. 

On the other side, a Saudi study conducted in 
Hail had reported a lower prevalence of hypertension 
(26.7%) among overweight/ obese adolescents than in 
Jeddah (30.8%) °”. This may be attributed to the 
regional variations within the same country. It could 
be explained mainly to the improvement of the 
lifestyle as explained by Chinese study conducted to 
evaluate the blood pressure measurement of children 
over 20 years (1991 till 2011) at eastern, central and 
western regions and was recommended by El Qahtani 
Study too “6 77 32, Additionally, our study revealed 
that obesity had positive impact on elevation of 
systolic measurements rather than diastolic 
measurement of BP. This was consistent with the 
findings of other studies; systolic hypertension was 
distributed among 52.5% of obese children °°). The 
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suggested mechanisms of systolic hypertension in 
obesity might be due to hyperactivity of the 
sympathetic nervous system or related to vascular 
dysfunction and or dyslipidemia which is in need 
further studies for the cause. 

It was very interesting, studying the relation of 

two guidelines used for classification of hypertension 
in children: Saudi (national) and American 
(international) Guidelines. We were motivated to 
cover that part in our study to address the similarities 
and differences between both guidelines in estimation 
the prevalence of the disease among overweight/obese 
children of mixed nationalities living in the same 
country. 
In agreement of new AAP-GL to Saudi-GL, the overall 
normotensive prevalence was similar by both 
guidelines and the diastolic hypertension grade I by S- 
GL was slightly higher than APP-GL. 

On contrary, the prevalence of systolic 
hypertension grade I by Saudi Guidelines was 
increased (21.5%) when compared to AAP (12.5%). 
Also, the prevalence of elevated systolic blood 
pressure by AAP-GL was higher (37.5%) when 
compared to Saudi Guidelines (25.5%). This increase 
in elevated blood pressure could be explained by the 
differential classification changes in diagnosis of 
hypertension between younger and older children 
above the age of 13 years. In addition to altering 
normative based thresholds of hypertension to a static 
threshold of 130/80 mm Hg in children > 13 year by 
new AAP-GL. Thus, resulted in a wider range of 
elevated BP for those children, therefore, significantly 
more percent with elevated BP but less hypertension. 
This consistent with findings reported by Bell et al and 
Sharma et al “ *4), Our study evaluated the impact of 
static threshold of hypertension among high BMI 
students above age of 13 year. We found an increased 
prevalence of elevated BP by APP (39.5%) and less 
hypertension in comparison to recorded prevalence by 
S-GL. Unfortunately, reclassification of teenagers 
(>13y) by AAP-GL shared in downregulation of 
hypertension from stage 1 hypertension by S-GL to 
elevated BP. That matched previous studies “ *), The 
Saudi Guidelines of hypertension in children might be 
more protective as tool for early detection of 
hypertension in children specially because the 
management plan for every class is different. Further 
studies are highly recommended to evaluate the 
possibility of undervaluation or overdiagnosis of each 
Guideline. 

In fact, the prevalence of hypertension among 
obese students did not differed dramatically by age, 
sex, or nationality when applying the same guidelines. 
Among three different age groups no significant 
difference was found except for adolescent (>13 year) 
in which the diastolic pre-hypertension was the least 
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percent. However Our findings disagree with other 
studies which concluded that adolescent reported the 
highest prevalence of pre-HTV and HTN especially 
among those aged 13 to 14 °. In our results females 
showed higher percent for HTN and pre-HTN by S-GL 
compared to males but without significant difference 
which comes in agreement with others many studies 
(17, 32,33) The combined prevalence of prehypertension 
and hypertension in obese adolescents in our study 
was 53.6% for boys and 58.9% for girl, much greater 
than reported by McNiec study (30% for males and 
23%-30% for females, respectively) °°). Lastly, our 
study revealed higher prevalence HTN and Pre- among 
obese Saudi students compared to Non-Saudi obese 
students but without significant difference and this 
recommended for further research. 

There is a high recommendation for tracking 
hypertension among obese children of all nationalities 
by applying the most safe and protective Guidelines of 
hypertension in children. 


CONCLUSION 

Prevalence of  prehypertension and 
hypertension are two to three times more likely to 
occur among obese children rather than normal. 
However, Saudi-GL recorded higher prevalence of 
grade I systolic hypertension among obese students in 
contrast to AAP-GL which recorded higher prevalence 
of elevated systolic blood pressure. Static threshold for 
hypertension (130/80 mmHg) for adolescents in new 
APP-GL created wide gap for elevated BP that might 
down-regulate the diagnosis of hypertension. 


RECOMMENDATIONS 

Further studies are recommended especially on 
adolescents to differentiate the vascular changes in 
prehypertension states from hypertension as a 
reflection of static threshold which was a limitation in 
this study in order to realize undervaluation or 
overdiagnosis of hypertension. 
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